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(54) MAGNETIC RECORDING MEDIUM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve electromagnetic conversion characteristics and to 
obtain a good traveling property by specifying the average height and number of the fine 
projections formed on the surface to be formed with ferromagnetic metallic thin films on a 
nonmagnetic base consisting of an arom. polyamide film. 

SOLUTION: The arom. polyamide film is stretched to a thickness of 2.0 to 6.0 |j.m to form the 
nonmagnetic base, by which the base is provided with required strength and is made to be able 
to deal with longer-time recording. The fine projections of a height 5 to 5 nm are formed in a 
range of 102 to 104 ten thousand pieces/mm2 on the main surface to be deposited with the 
ferromagnetic metallic thin films. The number of the respective fine projections in the upper 25% 
of the load curve determined from the fine projection side is specified to a range of 102 to 5 x 
102 ten thousand pieces/mm2. The sectional areas of the respective fine projections are 
controlled by addition of insoluble particulates into the film or disposition of a high-polymer film 
contg. the fine particles, etc., in such a manner that the ratio of the total sum of these areas 
attains a range of 0.1 to 0.5% in contrast to the area of metallic thin film. As a result, the 
spacing loss is decreased, the electromagnetic conversion characteristics are improved and the 
friction characteristic of a tape in traveling is improved. 
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20 


1X10 3 


900 


1800 




0.06 


1x10* 


20 


1x10 3 


1200 


1200 


* * 1*2] 





7n 'vi?3i =7—V— Y 






X7-U- h 




1007 fx 




2x10" 3 


5x10" 3 




85 


3 x 1 0' 3 




1 x 1Q- 3 


6 x 1 0 3 




85 


3 X 1 0 3 




2x10" 3 


5X10"' 


*u 


85 


3X10" 3 


*mm 


3x10' 3 


5X10 3 


ML 


85 


4X10" 3 




1X10" 3 


5X10" 3 


ML 


85 


3X10 3 


mm 


2x10" 3 


2X10" 3 


mi- 


85 


3X10 3 




2X10" 3 


3x10" a 




85 


3X10" 3 


mmms 


4X10" 3 


4X10" 3 


mi, 


85 


6x10 3 




2x10" s 


5x10" 3 




85 


3 x10 s 




2x10" 3 


6x10' 3 


ML 


85 


3x10 3 




2x10" 3 


3x10" 3 


iSL 


85 


3x10 3 


mutmn 


5x10" 3 


6X10" 3 


IL 


85 


5x10- 3 


**H*I13 


1x10" J 


1x10" 3 


$L 


90 


1x10 3 




5x10' J 


7x10" 3 


M L 


85 


6X1Q" 3 


tttem] 


1 x10" 3 


1x10" 2 


=ff9 


85 


2X10 3 


tt&m2 


5X10" 3 


IxlO" 2 


f»U 


85 


6X10 5 




2x10-' 


2x10" 2 


*r<9 


85 


5X10" 3 




8x10" 3 


5x10' 2 


ML 


85 


1X10" 5 


tmms 


5x10-' J 


6X10" 3 


mi. 


70 


5X10" 3 




2x10- 3 


2X10" 3 


ML 


90 


1X10- 2 




2x10" 3 


2X10" 2 




75 


1X10' 3 



[ 0 0 8 3] (Hl£0ij2~4, 1 4, JtKffil 1 ~2) H 

mm 2 ~ 4 , i4, tm.m 1-211, m^mzmmm 
1 tmz< u nft*wm\zttz#&s 1 o, 

[ 0 0 8 4] ^neriro4M£lg£S 1 ^n#tt^I 50 



2 KflHtr-CSH-. 

[0085] («£f^j 5 ) mmm 5 m*mi$.&Mi& 

Lt, ^^ht'l. 0 wm/mm 2 i:45J:5»-Sft* 
[0 0 8 6] (E) (8 0mo 1%) -5 
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N a— X/Uftj y7?/Ut (2 Omo 1 %) -xf U> 
i'l a-/^i^*^^T^ (^fi6 5 0 0) 51 

as, «4- l i o o m»^ 0 

[ 0 0 8 7] ftbtllz** y Kx-7°W^ttfi^S 1 
2 {£0HrT^-f o 

[ 0 0 8 8] (tt»« 3 ) ^7K Lfcn— ^ f^t"P 'J K 
y[CO. 9mo l ih^ffiai"^ 2 — * n,U— p— 7*- 
l/y-^7;yi:0. Imo ltt(:iSt5 4, 4'—^ 

7^ y i?7i=/^^*i/i*SK«*$*tftSL 1 

r.W'^^-O. 7mo lttttBSt5fl/7^yl'i^D7 

S 7t i9 o . o i w t %ma u 7f ^7? 

[ 0 0 8 9 ] i©fSS*"y7 5 KMSrUSSFlLfe 
K7Ai-3 0°CT±&-iC»ftMU 1 2 0°C<D#H 
MT'ft 1 0 #|B]«* U P7U*7^uAtL 
fc 0 i(7)7^^A4: K7^*>?)*l(t U 3 OtW*** 

T3 2 0"CT?£i*#lFlfcl. 3ffiFti£#U-C, ff$ft4 
[ 0 0 9 0] -t Lt, C.<0»te£j#{*(C\ Hffi^J 1 £ 

^ftfilML. 8 mmi|iM^it»f UTTJir ■> h*f*(c:HX 

[ 0 0 9 1 ] nbtltzD-t y hx-7V)«M£fftS:fJ 1 

[ 0 0 9 2] (HJ^J 6-10) HJfcfi&J 6-lOlt £ 

tt£f£ftWSffi^ S8l 5 nmtSOS i O. £^ 
■t -5 7Ktt»« £ 16* L T SfcJft $ * 5 r t (C £ y , jft^ 

[ 0 0 9 3] 1 fc, 

2 ^flNr-C^i-. 

[0094] (njgfiaj ii~i2) mmm 11-12 
it. m^m^mmm etmc<u v 7 5 k 

^^i-?S7J[H-5S i 0 2 (Dfefl^O. 03(im, 0. 

1 5 n mt U:t)«Ti5„ 

[0095] ^n^Hw^ittfii^»i tcomtim 

2 fcflNrT^f . 

[ 0 0 9 6] (tttfe0*J 4 ) tmm 4 f±, X*f»j££l?ffi 

i 0 2 ©tfc&&0. 2 /imt LfcfeO-efcS. 

[ 0 0 9 7] »?>ixfc;a-fe y hr-7°co#)ttfr£S 1 
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[0 0 9 8 ] (UlSsfliJ 1 3 ) H16^ 1 3 14, 

[0 0 9 9] #^n7c7Jirs/ 
IE, ^c7?#tt^*2(C^T^ 0 
[0100] (Jt«09 5~7) J£|SE0y 5 ~ 7 fi, S*« 

10 "CfcSo 

[oioi] zK?'K<Dmmit& i ic, ^w#t4^a 

2 tW*T*-f o 

[0102] a i s.tr* 2 ©js*^. fiMffi 

ffM^n-SSJl' 5-5 0 nmtDWM^&ftl o' -10 
ifi 5 OnmlrliSl^, tfctfcffil 3©i9 

20 ffM^n^v^S^^d, r-T'fflto^tisiaori 

[0 10 3] SlSU ! S2©^*ii^, ft^lS® 

SfS^ 0. 03-0. 1 5 nm t7>/Fffitt&-f-/J s )3stlP ^ 

3iai4^a«ttiiwaffit 1 o 3 ~i o 5 m/mm 

2 © J; 5 t^^Jofe-? J; 5 ^g^JF^ $ it 

30 T'^W^S^, 1 0' ft/mm" J^TWig-a-i-'ii, X- 

[0 10 4] *i»i/«2©;»t, ISE 

ftiiEttHu mmm 1 - 1 4 « «t 5 1-, ^ttx^^ros 

^ftW-V^"** 1 0 0 0 k g/mm 2 t L, its^lfi] 
©t>^Wl 3 0 0 kg/mm ! W± t "fS - t tcj; 

1 0 0 0 k g/mm Z *It**5 t 
40 ^SffW^[pJc75-tV^^^ 1 3 0 0 k g/mm 2 

[0105] ^(c, a«lE&ffi;{£ (HJ60II 1 5 - 2 1 S. 
VtfctS5fl»J8~l 3) ^rlil^lL, *<DT-y®&R 

vmwM&cotmzft o /to 

[0 10 6] /£*5, - ^-Cil, JSiBB^dJ*^**^* 
^ft^»±§P2 5%iCj6it5f»^E»fiiCct, AiHftt 

^©±fB 2 5 %ic*(t 5»ffl£ie©»nB8l<ottfn<o*J-& 

2 5 %irjoits»^E 1 fiSfc 9 
50 wKifS»(-o^rtfteL7>„ 
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[0107] ^tibtDmmmmfanmmRxjtftmt 
[0108] • ts^ea g 

Hlfeffll 1-14 fi.t/tt:«fl»J l - 7 w±J£ t D i 

gital Instruments ttM^JjiW^^gl 
j$$t (AFM) :NanoScopeII (jSn p n^) & 

X5^mX5«m, U V^'tSc 4 0 0 h . X 

*-r-yV~YA. 3 4H z ©*frT?fflJ£fcfTV\ 

[0 10 9] -MffiMSMM 

nsgfiaj 1-14 i~~i(nm&t mmc nm 

m&(Dimm, ±^m^mnm (sem) *m^xm& 
Ltc-h<D^h*), n*tttm<Dmmfffim='-ji' kf 

E— SEM Ts — 9 0 0J ($jp n 0 £) £ffll^T\ ADiSfl: 
J±2 0 kV, fff*3 3?ffiF£JUhfc:T;&?l'hU 1 mm 2 

[0110] • -H#fftM<7)±§fl 2 5%(rjott^^Ofi 
& 

Digital Instruments ttKcOf^ fM] 
ASWtife (AFM) :NanoScopeII ($jp 0 n 

yf^X5MmX5Mm, ^>7 0 «J V ^#4 0 0 *V V 
h . * * + Is I — M . 34Hz »*frTti£ Lfc„ 
[0111] • *ffiittift<P_klB 9. R %^j8>ta»fi<P»r 

^fiOflftfc^Utt, Digital Instrum 
e n t s ttllWJISl^-M^WlW* (AFM) :NanoS 

c o p e i i oss^) ^ffl^-r, tffim&tw-<r>mi 

y^|40o*VyF, ^^y^M. 34Hz<o 



4= [0 112] 

m^mmtmmiC^ Digital Instrum 
e n t s ttg©Jf^r B Wiai (AFM) : N a n o S 
c o p e I I (m&%) SrfflV^T, #N8tt£#ft<£>9£Hl 

tt^MSfll^^^lM X5 jumX 5 // m, f->7°!J 

y^|4O0^yK ^#ty^M. 34Hz« 
[0 113] ■ rrz2Mi 

mmmmfccommmte, y^-^tti«A i t 

K7^7"SDX-S 3 0 0C £&5£LfcfcCD 

£ffl^Tffo/c D lESIifflSfi&S 1 0 . 0 4m/#\ H 
®feM:ft 0 . 3 5m mT-ffo ft a 

[0 1 14] f-^ffllSr-ZTIi^ ^SttW^f- 

z x\ nmn 15-21 %.mmm 8-13 <Dmmm 
[0115] • mmmt 

U4 Kf> (SUS, 0. IS) (C^LT, loom* 

atis (2 5°c, 4 0%) x\ ttiog, mmmig. 5 

mm/s e cW*#TT«Lfc 0 1 0 O^*&<0*» 

[0116] (H»J 15-21 RtttfclR 

09 8 - 1 3 ) fl, ^^ta«^fr (H%«9 1 =- 1 4 &tWfc 

[oi 17] rrottftflEftftfr (Ultefiai 15-21M 
JttSE«8~l 3) £0«ttll*r*3^*i-i:i:t(--troft 
tt^*4l'.T<i- 0 

[0 1 18] 

[S3] 













































mmm 




(TTfB/mn 2 ) 


Cm) 




(X) 


(nrrr) 


*8S«I15 


500 


15 


100 


0.12 


1.20x10 s 




800 


30 


200 


0.10 


0.50X10 3 


5Bfcfti|17 


900 


30 


240 


0.12 


0.50x10' 


gft&iiB 


1500 


40 


350 


0.30 


0.90x10 s 




3000 


50 


500 


0.50 


1.00X10 3 


*j«E0iJ2O 


800 


40 


330 


0.35 


1.00X10 3 




2000 


8 


100 


0.05 


0.50X10 3 




550 


20 


90 


0.19 


2.10x10 s 




600 


30 


400 


1.90 


5.10x10 s 




700 


20 


190 


0.40 


1.90x10 s 


HJMW11 


900 


30 


250 


0.50 


2.00x10 s 


tt«MM12 


15000 


60 


600 


0.90 


1.50X10 1 


it^J13 


90 


3 


80 


0.10 


0.50x10 s 
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1 AX 


100/ fx 


— UlZ 







0.25 


0.26 


2x10 -3 






0.22 


0.23 


2x10" 3 


— din-* 




0.20 


0.21 


1x10" 3 






0.23 


0.26 


2x10" 3 
















0.24 


0.26 


2X10- 3 


6X10" 3 


*tt0>]21 


0.25 


0.28 


2x10" 3 


6x10" 3 




0.25 


0.35 


2X10" 3 


2X10 2 




0.30 


0.34 


8X10- 3 


4x10" 2 




0.40 


0.42 


6x10" 2 


8x10" 2 


ttffcfll" 


0.32 


0.34 


4x10" 3 


2x10" 2 


tb**fcl12 


0.32 


0.33 


8x10" 2 


1x10-' 




0.40 


0.42 


5X10" 3 


6x10" 2 



[0120] mm) m3Rzi»4<n@^fri>, mmm 

2$ 5-5 0 nm, ?£gf0#:^ 1 Xio' -lxio' 75 
fi/mm 2 tOfSIHrt l-fc 9 v JLo^^ft^«±g|5 2 5 % 
t*5«tSIWlB^ieoflftiS 1 O 2 -5X1 O 2 -JSm/m 
m , AftSHW±g|52 5%(^lt3£-»]^&CD|ffffi 
fltro*»?p^, S*BWlBI«('MLT, 0. 1-0. 5% 
roffl^ £ftT*5 9 , $ f,t:*#ftl»±lt 2 5 %\cts 
ttZWMgl&l&^lLVOWiWiX&l. 5X1 o" nm 

[0121] nffim ot±, mmi^wi^^m 

[0 12 2] Ztl^MLX, J:bK0S8tt, *^fftiH<D± 
g?2 5%f£;fcNt5|ft*fl^jg0)i@»;iS 1 0 2 -5X10 ! 
^flU/mm 2 WTTfcU, *ffifti&flW_tgI5 2 5 % 

^fcMt-5»S^e 1 ?> <7)»rEff z5>' 1 . 5 X 1 o s 

nm 2 S:i@X.TV^OT% M^gW®tt^ft/c <b^ 

[0123] * fc, Jfc&0!l 9 (4, Aft Jigp 2 5 % 

±g|J2 5%(-fclt5»^Elfiaafcl9(75BffEfI^i . 
5X10 3 nm ? Srj@x.T^-5<0T\ Jfctfctfl 8 £ |W|« 
M^Ew^t^ft^fe^fc 1 ^ S«£SMfrtttt 

[0124] tfc, \tmn i ost/tkKi 1 1 \t. 

tt^ro±^ 2 5 %£*3it5»»2£fi l fiSfc <9 ©BfiSa 



iSl. 5X10 3 nm «rS*.-C^5©T\ JfclMH 8 R 
m£*fc0!l9 ^B^MWff^^ftfcM^ifo 
*). ««tfe#tt!4«^T^3'bro^ gttMW^t 
^ ft (c & ft ^TB^tt -5 d t as -e # ft V ^ i: # 

Wo /Co 

[0 12 5] JtiR^l 2(4. 

urn/mm zmzL, n\cam&mto±.m2 5%\c*srt 

Sffti^fif^SXlO 1 B/mm ! ^^^L, * 

^ItMcBLtfr ft £fTf 1 # 4 - t tit X f ft v ^ t *s 
Wot. 

[0 12 6] St, Jt&ffll 3(4, *«att^«ffl£±©tt 
m%&(Dm£fr5 nm*ffiX-#3<0, g&m&tf 1 X 1 0 

^4oft5f»^iE(7D#Iir^ i o 2 -^ffl/mm 2 *SI t 
$ nx ^ 5 ©T\ ^ff4tfTlM?r#5 r t A'iX t ft 

[0 12 7] 

^ 5-5 0nm»M^10 ! ~10 ' ^{Hl/mm 

x - s fc u mmmmmt ittt as ft t 

©iri-Srfcis-C-t, ft t ifefftt t Sr 

[0128] rw«mE®ffif*i4, #SStt£J$# 

II, 0. 0 3-0. lS/jm^gftW^fiDL, S 
8tt&*#»6*7&*Si'iS*iEK 1 0 3 - 1 0 5 fi/m 
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[0129] '(Dmmmmmt. im&nftfe 
(dw^^2. o~6. o umkh, imv£&mmm<Dm 

££0. 0 1-0. 2 nmt-fZ>Z.k\'i. 19, £{*<»ff 

[0130] ^ro«ftE»tt#tt, *OHti«ffr 

»S^i£cD{g§$^ 1 0 2 ~5X 1 O 2 7Jfla/mm 2 
l~0. 5%roteHrtfc$4xTi/^4*'&-ttt. tens* 10 
[0131] r.^e^fa®^fr(i, Mfi^Pflt' 

L, m-nlBOM**lRirorai«:s fcLfct*^, 3/ 
4X s + m^i5S^«B^Wi 0 ! -5 
X 1 0 2 JSm/mm (DffifflfHX'&ZbthlC, 3/4 
X s + m&MX- Sift ££>M^£ 3/4 X s +m(D« 

T, 0. 1-0. 5%WS"l££3ftTV>5*frk«, Id* 
[01] 





b 














-\ 












s 




























« J ij^/n'jr a *■ 
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ft ff£B* tc 33 tt 5 «Ei?#t£ ^M('S&/jrfcrot1-5ri 
[0 13 2] £*b^ zro^teftffifrfi, #Jltt^ 

W*li]CtymiOOOkg/min ! tU f 
JUl®tymi 3 00 kg/mm ! i: "f 5 r t (■! J; 

[El 1 ] #«t4Xft^w*ffiwWB^w^^^W'f 

[0 2 ] ?»^Miw^*^fc^^ft,m^^-r0^fe 

5o 

[03] »t&««SI^ff^1-5a^#gSw«^ 

[0 4] ^-#Vf*«K^ffM-t-5^^ 

1 4 7 »|4£fiff*. 2 0 

v^hPVX/N-^M, 2 6 *-^VK 3 0 



[02] 
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